M-dwarfs are emerging in the literature as promising targets for detecting low-mass, Earth-like planets. An important step in this process is to determine the stellar parameters of the M-dwarf host star as accurately as possible. Different well-tested stellar model atmosphere simulations from different groups are widely applied to undertake this task. This paper provides a comparison of different model atmosphere families to allow a better estimate of systematic errors on host-star stellar parameter introduced by the use of one specific model atmosphere family only. We present a comparison of the ATLAS9, MARCS, Phoenix and Drift-Phoenix model atmosphere families including the M-dwarf parameter space (T eff = 2500K . . . 4000K, log(g)=3.0 . . . 5.0, [M/H]=−2.5 . . . 0.5). We examine the differences in the (T gas , p gas )-structures, in synthetic photometric fluxes and in colour indices. Model atmospheres results for higher log(g) deviate considerably less between different models families than those for lower log(g) for all T eff = 2500K . . . 4000K examined. We compiled the broad-band synthetic photometric fluxes for all available model atmospheres (incl. M-dwarfs and brown dwarfs) for the UKIRT WFCAM ZYJHK, 2MASS JHKs and Johnson UBVRI filters, and calculated related colour indices. Synthetic colours in the IR wavelengths diverge by no more than 0.15 dex amongst all model families. For all spectral bands considered, model discrepancies in colour diminish for higher T eff atmosphere simulations. We notice differences in synthetic colours between all model families and observed example data (incl. Kepler 42 and GJ1214).
INTRODUCTION
Ever since the discoveries of the first extra-solar planets (Wolszczan & Frail 1992 , Mayor & Queloz 1995 , Charbonneau D. et al. 2000 , exoplanetary science has been one of the hot topics in astronomy in the past two decades. Highprecision instruments and missions such as HARPS (Mayor et al. 2003) , CoRoT (Auvergne et al. 2009 ), Kepler (Batalha et al. 2013 ) and the future PLATO 1 -mission have allowed the number of known exoplanets to grow rapidly. Up to date, the Exoplanet Encyclopaedia (exoplanet.eu) lists a total of 1822 planets in 1137 planetary systems. Better instruments and enhanced observational techniques are pushing the boundaries of detectable planets down to the Super-Earth group. In order to achieve this goal, target host stars decrease in mass. M-dwarfs, and also brown dwarfs (Triaud et al. 2013) , are suggested as they have smaller radii, masses and are less luminous, presenting opportunities for detecting smaller planets orbiting around them, possibly even within their respective habitable zones. The solar neighbourhood 1 http://sci.esa.int/plato/ has been photometrically, spectroscopically and astrometrically studied by the RECONS team (Henry et al. 2006 ) in order to understand the distribution of stellar types nearby. Their latest finding (Dieterich et al. 2012) indicate that M and later type stars account for 60-70% of the stellar population within 10 pc of the Sun. The fact that they are so numerous additionally increases the chances of planet detections, making M-dwarfs and brown dwarfs even more desirable survey targets. On the other hand, habitability on planets around these stars will be limited by their magnetic activity (see Vidotto et al. 2013 for details).
The Exoplanet Encyclopaedia list a total of 36 confirmed planets around M-dwarfs with about 2/3 of them with masses under 0.2M J . There are no detections of planets around brown dwarfs so far. Data from Kepler suggests that early M-dwarfs have an occurrence rate of, on average, 0.90
+0.04
−0.03 planets per star with planet parameters in range 0.5-4R Earth and P < 50days (Dressing & Charbonneau 2013) . Monet et al. (2013) combine radial velocity and adaptive optics direct imaging observations for a sample of 111 M stars. They report that 6.5 ± 3.0% of the Mdwarfs host a gas giant with mass between 1-13M J and semi-major axes of less than 20AU, corresponding to 0.083 ± 0.019 planets per star in that parameter space. These results suggest that planets around M dwarfs are abundant, motivating future studies to characterize them in detail (e.g. Önehag et al. 2012; Mann et al. 2014; Rajpurohit et al. 2014; Newton et al. 2014) .
The evaluation of planet parameters is tightly correlated with the host star's parameters (e.g. Torres et al. 2012; Griffith 2013) . Therefore our knowledge about extrasolar planets is limited by how well we can characterize the host stars. The challenge of determining fundamental stellar parameters is not new (see Rojas-Ayala et al. 2013) and not restricted to planetary host stars (e.g. Casagrande et al. 2013 and references therein). Burrows, Heng & Nampaisarn (2011) generate evolutionary tracks for brown dwarfs and very low mass stars (VLMs) for different atmospheric metallicities with and without clouds. By comparing observational data to these tracks, their study demonstrates a variety of plausible stellar radii, and narrowing down this range for a given mass depends on precise estimates of stellar age and metallicity. Lee, Heng & Irwin (2013) use inverse modelling of directlyimaged data for HR 8799B. Their results indicate that reasonable fits to the data can be obtained for both cloudy and cloud-free atmospheres but with different values for metallicities and element abundances. Such studies indicate the difficulty of inferring precise values for stellar parameters based on atmospheric models. Both, variations in underlying physical assumptions between models and different parameter values, within the same model can lead to a spread in estimates for stellar mass and radii. It is therefore important to be aware of the limitations of model atmospheres and how they compare to each other. This paper focuses on the comparison of different model atmosphere families with some focus on the M-dwarf parameter space: effective temperature T eff = 4000 . . . 2500K, surface gravity spans log(g)= 3.0 . . . 5 (included young M-dwarfs, log(g)<4.0, and Brown Dwarfs, log(g)=5.0), and metallicity [M/H]= −2.5 . . . 0.5 (Appendix A). Not all parameter combinations are available for all model families. Section 2 gives a brief overview of the atmosphere models used in this study. In Sect. 3 we explore the similarities and differences in the atmospheric structure of the model families. In Sect. 4 we present the results for the synthetic photometry comparisons. Section 5 contains our discussion.
ATMOSPHERE MODEL FAMILIES IN COMPARISON
The following model atmosphere families are included in the comparison study presented in this paper:
• ATLAS9 2 (Kurucz 1970 , Castelli & Kurucz 2004 ),
• MARCS 3 (Gustafsson et al. 2008 ),
• (cloud-free) PHOENIX-ACES-AGSS-COND-2011 4 , version 16.01.00B (hereafter Phoenix) (Husser et al. 2013 ),
• Drift-Phoenix (Dehn 2007 , Helling et al. 2008b ,Witte et al. 2009 , Witte et al. 2011 ).
All models assume LTE, hydrostatic and chemical equilibrium and obey radiative and convective flux conservation. They model a homogeneous, 1D oxygen-rich atmosphere in plane-parallel geometry. Phoenix models were available in spherical symmetry.
The grid of ATLAS models utilised spans the following range of stellar parameter: T eff = 3500 K . . . 4000 K, log(g) = 3.0 . . . 5.0, [M/H] = 0.5 . . . − 2.5. All ATLAS models were calculated with the convection option switched on but with the overshooting option switched off. The mixing length parameter α = l/H p = 1.25, (H p = p/(gρ), H p -local pressure scale height, p -local gas pressure, ρ -local gas density, g -local gravitational acceleration, where dp/dr = gρ), the micro-turbulence velocity v turb = 2.0 km/s, and solar element abundances from Grevesse & Sauval 1998 are used in all ATLAS models considered here.
The MARCS models used span a grid of T eff = 2500K . . . 4000K, log(g) = 3.0 . . . 5.5, [M/H] = 0.5 . . . − 2.5. For all MARCS models, v turb = 2 km/s, mixing length parameter with l/H p = 1.5 and solar element abundances (Grevesse et al. 2007) .
The Phoenix models considered are for T eff = 2500K . . . 4000K, log(g) = 3.0 . . . The Drift-Phoenix models are aimed specifically at late-type stars (M-dwarfs, brown dwarfs) and giant planet atmospheres as they also model dust cloud formation. The Drift module deals with dust treatment, calculating a consistent cloud structure and passing it to the main radiative transfer code (Phoenix). The subset of models used is for the solar metallicity models with 2500K < T eff < 3000K and 3.0 < log(g) < 5.5. Mixing length is set to 2.0 scale heights and micro-turbulence velocity is 2.0 km/s. Solar elements abundances are those from (Grevesse et al. 2007) The different model atmosphere families of models cover different parts of the M-dwarf regime, with ATLAS barely touching early-type M stars, Drift-Phoenix covering the late end of this spectral type and MARCS and Phoenix spanning the entire M-dwarf range. The different sets of element abundances applied for different model families are summarized in Table 1 . All non-solar metalicities are derived from scaled solar values. More detailed information about the models, e.g. regarding the used opacity sources, are provided in the discussion Sect 5.1.
The model atmospheres under investigation do not contain one M-dwarf parameter set that is common to all of them. Therefore, we compare subsets of model families: the ATLAS+MARCS models for T eff = 3500K and T eff = 4000K and varying log(g) and [M/H] values, ATLAS+MARCS+Phoenix for for T eff = 3500K and T eff = 4000K, [M/H] = 0.0 and varying log(g), as well as the MARCS+Drift-Phoenix, MARCS+Phoenix and Phoenix+Drift-Phoenix models for solar metallicity and varying T eff and log(g) values. A total of 141 models were examined. Appendix A summarize the parameter values of all models used.
COMPARING THE ATMOSPHERE STRUCTURES
Model atmosphere simulations provide the numerical solution to energy transfer by radiation and convection, hydrostatic equilibrium and gas-phase equilibrium chemistry. The radiative energy transfer is likely to carry inconsistencies between the model families as it depends on element abundances, gas-phase number densities and line lists for those species taken into account as opacity sources in each of the atmosphere models. Other differences between model atmosphere results from different codes are caused by (2008a) , a more detailed assessment of the differences between the model families is not possible. The local gas temperatures and gas pressures affect number densities of chemical species, which in turn affects opacities and, hence, result in differences in the emergent spectral energy distribution (SED). We therefore start our investigation by examining the local (T gas , p gas ) structures of model atmospheres for a given set of T eff , log(g) and [M/H] values.
Figures 1 -4 present the comparison of the (T gas , p gas )-structures of MARCS, Phoenix, Drift-Phoenix and ATLAS 5 for solar metallicity and T eff = 2500, 3000, 3500 and 4000K, respectively. We observe better agreement between MARCS, Phoenix and DriftPhoenix for T eff = 2500K than for higher T eff models. The 2500K sets of models do not vary by more than 300K (except for high pressure values). For all effective temperatures (T eff =2500-4000K), the model atmospheres with higher surface gravity (brown dwarfs) agree better between different model families than those with lower surface gravity (giant gas planets, young brown dwarfs). Note these differences are hard to see in the top rows of Figs. 1 -4 due to the scale of the plots. For this reason we provide plots of the calculated residuals in rows 2 and 3 of the figures.
We compare the hot ATLAS and MARCS models for T eff = 3500K and T eff = 4000K. While the T eff = 3500K models compare better in the low metallicity range -1.5 < [M/H] < -2.5, the T eff = 4000K models display better agreement for higher metalicities [M/H] = +0.5 and [M/H] = 0.0. For both T eff , the biggest discrepancies lie within the [M/H] = -1.0 models, with local gas temperature differences dT gas > 1500K for the T eff = 3500K and dT gas > 1200K for the T eff = 4000K case. All model families diverge with increasing local pressure, i.e. deeper in the atmosphere, regardless of T eff , log(g) or metallicity [M/H]. The detailed plots for T eff = 4000K, log(g) = 5.0 can be found in Appendix B, Figure  B1 .
In summary, we find that for the higher effective temperature values (3500K, 4000K) the ATLAS, Phoenix and MARCS (T gas , p gas )-structures diverge from each other with an average of ∼600K in local temperature and in extreme cases well over 1000K. The MARCS, Phoenix and Drift-Phoenix differ by an average of ∼300K for 2500K < T eff < 4000K, with some extreme cases of over 1000K. Agreement improves as the surface gravity increases.
COMPARING SYNTHETIC PHOTOMETRY
The (T gas , p gas )-structure determines the emergent spectral energy distribution for stars. In order to compare the SEDs of the different model atmosphere families, we perform synthetic photometry for all models considered. We convolve the model SEDs to the (UKIDSS) UKIRT WFCAM ZYHJK (Hewett et al. 2006 ), 2MASS JHKs (Cohen et al. 2003 and Johnson UBVRI (Johnson 1965) filter systems, based on codes used in Sinclair et al. (2010) . The wavelength ranges for these used filters are summarized in Table C1.
The convolved broad-band flux F R is given by (Straizys 1996 )
where R(λ) is the throughput function (only filter transmission for the optical (UBVRI) bands, but filter transmission plus detector throughput for 2MASS/UKIDSS); and λ 1 and λ 2 are the limits of the filter wavelength range. Zero-point calibration is performed using the HST spectrum of Vega (Bohlin & Gilliland 2004) .
We proceed to calculate synthetic colour indices for each model atmosphere family. The colour indices are defines as
A complete set of the synthetic photometry results is provided in Appendix C. In the following, we compare the ratios between the synthetic broad-band fluxes for all pairs of corresponding models in each filter. The closer the value to 1.0, the more similar the model atmosphere results are.
Optical bands (Johnson UBVRI filters)
The broad-band fluxes of ATLAS and MARCS model atmospheres in the optical differ significantly more than those in the IR range. The flux ratios for T eff = 3500K are deviating from 1.0 significantly more (as high as ∼1.8) than those for T eff =4000K (less than ∼1.3). 
IR bands
Figures 5 and 6 represent the UKIDSS photometric flux ratios for Phoenix to MARCS and Phoenix to Drift-Phoenix. Phoenix and MARCS display a good agreement in the range T eff = For decreasing effective temperature, the Phoenix models systematically predict more flux in the IR bands than the MARCS model atmospheres for higher log(g) values and less flux than MARCS for low log(g). The Y-band band is an exception to this trend, where, for T eff < 3500K all Phoenix models predict less flux than MARCS with the flux ratio dropping as low as 0.7. Both model families do not include cloud formation in the model atmospheres considered here, hence, the differences in fluxes may point to differences in the molecular opacities (line lists and/or gas-phase chemistry data).
We compare the Phoenix and Drift-Phoenix model atmospheres (2500K T eff 3000K) in order to check if the difference in dust treatment is sufficient to explain differences in synthetic fluxes (Fig. 6 ). Differences between these two families are generally smaller than in comparisons with the MARCS model atmospheres. For the H and J bands, all Phoenix atmosphere models predict less flux than Drift-Phoenix. This result is unexpected as Top row: local gas temperature-pressure structures for T eff = 3000K (log(g) = 3.0: top left; log(g) = 5.5: top right) for MARCS, Phoenix and DriftPhoenix. Middle row: left -residual temperature values dT gas between Phoenix and MARCS; right -dT gas between Drift-Phoenix and MARCS. Bottom row: dT gas between Drift-Phoenix and Phoenix model atmosphere results. Mixing length parameter: Phoenix -l/H p =2.3 for log(g) = 3.0 and l/H p =3.25 for log(g) = 5.5; MARCS -l/H p =1.5 for all models; Drift-Phoenix -l/H p =2.0 for all models.
these bands are heavily affected by dust and the Phoenix models are dust-free. Therefore, while still an important factor, the dust treatment alone cannot explain the observed trends in the comparison of the synthetic fluxes. All models produce very similar fluxes in the K band. For all bands, except in the Z band, the flux ratio is highest for the higher surface gravity values. This trend is reversed in the Z band, which also appears to vary the most with change in T eff .
We also present the colour indices calculated for each model atmosphere family considered here ( Figure 7 and Appendix C). All colours show considerable differences for model atmospheres T eff < 3000K. Dust starts to form in small amounts at T eff ≈ 2700K and the resulting element depletion of the gas-phase may contribute to the increasing differences with decreasing T eff below 2700K (Witte et al. 2009 ). In particular, the B-V magnitudes differ by up to half a magnitude between the Drift-Phoenix and MARCS models in the low temperature half of the plot. The ATLAS models appear to differ significantly from all other model families considered here. 
DISCUSSION

Different model assumption
The differences in the atmospheric (T gas , p gas )-structures and the resulting SEDs arises from differences in input data (element abundances, opacity sources), physical assumptions (mixing length, overshooting, dust/ no dust), the choice of material values (equilibrium constants, line lists), but also from more technical details like convergence criteria and/or inner/outer boundary choices. It is outside the scope of this paper to identify in more detail why the model atmosphere results differ as this would require a dedicated benchmark study.
The ATLAS atmosphere models were developed for hotter stars and cover a wide range of metallicities, surface gravities and effective temperatures, from hot O and B down to early type M stars. The latest models use improved opacity distribution functions (ODFs) as described in Castelli & Kurucz (2004 added for some molecules such as CN, OH and SiO. Linelest and ODFs can be found on Kurucz 6 and Castelli's 7 webpages. Element abundances are solar and adopted from Grevesse & Sauval (1998) . The models are calculated assuming mixing-length theory without overshooting, with a mixing length parameter l/H p = 1.25 and linebroadening by a micro-turbulent velocity of v turb = 2.0 km/s.
The MARCS models (Gustafsson et al. 2008 ) have focused on F, G and K stars extending into the M-dwarf regime. The 6 http://kurucz.harvard.edu/ 7 http://wwwuser.oats.inaf.it/castelli/ opacity sampling method is used. Models are available for microturbulence velocities of v turb = 0, 1, 2 and 5 km/s (for comparison purposes with ATLAS, we have only considered a value of 2 km/ s). The mixing length parameter value is 1/H p =1.5. The models are also divided in several metal abundance groups, out of which we consider the one with abundances from Grevesse et al. (2007 while condensation is included as element sink in the equation of state, it is omitted from opacity calculations and additionally no dust settlement is included in any of the models. The gas opacity species (line and continuum) are the same like in DrfitPhoenix (see below). The code uses mixing length theory, with 1/H p ∼ 1.8 . . . 3.5 for the M-dwarf parameter space. The microturbulent velocity is linked to the convective velocity that results from mixing-lenth theory (MLT). However, the micro-turbulent velocity it is only considered in the calculations of the high-resolution spectra, but not used for the computation of the atmospheric structure. Based on this assumption, v turb < 1 km/s for Phoenix model atmospheres in the M-dwarf parameter range. The Drift-Phoenix models are aimed at brown dwarf and planet atmospheres. They are a combination of the Phoenix atmosphere code (Hauschildt & Baron 1999) , version 16.00.02A, and the Drift module (Witte et al. 2009 , Helling, Woitke & Thi 2008 that models cloud formation. Drift solves a system of element conservation and dust moment equations in phase non-equilibrium including the processes of dust nucleation, growth and/or evaporation. The influence of gravitational settling and element replenishment by convective overshooting is considered in relation to the formation processes. Six main elements are considered in these processes -Ti, O, Al, Fe, Si and Mg, together with the seven most important solids consisting of these elements - Barber & Tennyson (2008) and TiO from Schwenke (1998) . Mie and effective medium theory are applied to calculate the cloud opacity of mixed grains including the above mentioned solid materials.
Only the Phoenix and Drift-Phoenix model families use the same line lists for gas opacity sources, and only MARCS and Drift-Phoenix use the same values for the element abundances (Grevesse et al. 2007 ). It is therefore not surprising that the model fluxes differ particular for low T eff , where the influence of molecular and dust opacity is most prominent. In addition, there are differences in input parameter values such as the mixing length parameter. Husser et al. 2013 (their Sect. 2.3.3) suggest that the microturbulent velocities does have no noticeable effect on the atmospheric structure computation results.
We further note that (Gustafsson et al. 2008 ) presented a comparison of the Marcs model atmospheres to ATLAS and Phoenix (NextGen) model atmospheres as available at the time. Their comparison of the (T gas , p gas )-structures of Marcs andATLAS model atmospheres for giants and supergiants for log(g)=4.5 and T eff = 4000, 5000, 6000, 7000K did show a respectiable agreement between the models. The same holds for their test of varying metalicities, and for a comparison to NextGen Phoenix models with (log(g), T eff )= (0.0, 3000K), (3.0, 5000K). No radiation fluxes were compared. Plez (2011) presented comparison of synthetic Johnson-Cousins UBVRIJHK photometry and colours of Marcs, ATLAS and Phoenix (NextGen) model atmospheres for T eff = 3500 . . . 8000K. Plez (2011) demonstrate that differences do increase with decreasing T eff particulare for T eff < 4000K. Our study presented in this paper does support these findings and extend these early model comparisons into the M-dwarf regime.
Comparing synthetic photometry and observations
We compare the synthetic photometry for all three model atmosphere families with two observations: i) We compare the synthetic photometry results with observations for the M stars published in Koen et al. (2010) ii) The B-V, J-K and H-K colours of two observed M-dwarf planet host stars (Kepler 42, Muirhead et al. 2012; GJ1214, Anglada-Escude et al 2013 are included in Fig. 7 for comparison.
All objects of spectral type M, and for which optical and infrared photometry was available, were selected from Tables 2 & 4 Koen et al. (2010) for our comparison. The majority of this sample of objects are early M stars with T eff ≈4000K and log(g)≈4.5. Table  C6 lists the names, associated photometric magnitudes and spectral types of all stars used for this comparison. Only the MARCS and the Phoenix model families cover the respective parameter range. Early M dwarfs are represented by model atmospheres with T eff ≈ 4000K, and the sample of observed M dwarfs does not contain examples with T eff < 3500K. Therefore, the upper half of the plot is empty, hence, it does not imply the models are giving incorrect predictions for these effective temperatures. The spectral type of the observed targets explains the lack of objects in the upper half of the plots and is not a mismatch between models and observations. For log(g)= 4.5 the median of the observed colours is well reproduced by the atmosphere models. For higher log(g), the observed colours are redder than predicted by atmosphere models. However, the scatter in the observations is larger than the differences in the models would suggest. The measurement uncertainties ∼ 0.01 mag (Koen et al. (2010) ) are not big enough to account for the scatter in the observed data.
The reason for the differences between models and observations is not obvious. One reason could be a mismatch between the metallicities of the stars and the (solar) metallicity in the models. Note that not all objects in Fig. 8 have reliably measured metallicities, hence, the scatter of the observed data could be partly due to varying stellar metallicities. The comparison between the exoplanet host stars strengthens this hypothesis. While GJ1214 has approximately solar metallicity, Kepler-42 is reported to have subsolar metallicity ( [Fe/H]= −0.48 ± 0.17 and [M/H]= −0.33 ± 0.12, Muirhead et al. 2012) . GJ1214 is significantly redder in nearinfrared colours than Kepler-42, but still only marginally consistent with the H-K colour predicted from atmosphere models. Both objects are redder in B-V than all predictions from the models.
Alternatively, the mismatch could be caused by physical processes not included in the models considered here, for example, effects related to the presence of strong magnetic fields (e.g. Vidotto et al. 2013) . It has been shown that strong magnetic fields can alter the fundamental properties of cool stars, in particular, suppress the temperature and inflate the radius. A temperature suppression of up to 200-400 K is realistic for early M-type stars, see Stassun et al. 2012 ). This could possibly explain an increase of up to 0.1 mag in the J-K colour (see Figs. 7 ). In summary, the best explanation for the scatter in the observed datapoints in Fig. 8 is probably a combination of a range of metallicities and the presence of magnetic fields, whereas the contribution from measurement uncertainties is only minor.
Implications of host-star's uncertainties for exoplanets
Estimating exoplanetary mass and radius directly depends on knowledge of the host star's mass and radius. Most often, they are derived by comparison to evolutionary models which, however, already carry the uncertainties in model atmospheres discussed in the previous sections. Stellar atmosphere models can provide values for surface gravity, log(g), but there is still a degeneracy in possible values for stellar mass and radius.
An important property for a star-planet(s) system is the habitable zone (HZ). The habitable zone refers to the distance away from the star where liquid water could exist on the surface of a planet, provided sufficient atmospheric pressure. Detailed calculations for the extent of the HZ have been conducted by Kasting et al. (1993) , Jones & Sleep (2010) and Kopparapu et al. (2013) . Kane (2014) uses their methods to estimate the uncertainty of the habitable zones location (resulting from stellar parameter (effective temperature, radius, surface gravity, mass) uncertainties) for confirmed exoplanetary host stars and Kepler candidate hosts. The author demonstrates that ∼ 5% uncertainties in T eff result in ∼ 10% uncertainty in the HZ location. Furthermore, the HZ distance is shown to have a linear dependence on the stellar radius R * and hence proportional to 1/g and √ M * , where g and M * are the stellar surface gravity and mass. The system Kepler-27 is used as an example where the host star's parameters have large uncertainties. The associated error in the HZ region is demonstrated to be large enough, so that a planet in habitable zone may very well lie outside of it on a 1-σ level. The author further states that this is the case for the majority of Kepler candidates. Plavchan et al. (2014) compare transit durations of Kepler targets to a synthetic distribution crated based on eccentricities of exoplanets discovered by the radial velocity method. The authors find an over-abundance of Kepler targets with transit durations longer than expected and a median transit duration of ∼25% longer than predicted. These effects are both attributed to under-estimates of the stellar radii. In addition, a statistically significant trend is found in the average transit duration as a function of stellar mass and radius which is explained by errors in determination of stellar radii as a function of spectral type.
A particularly underestmated factor for M-dwarfs is their strong magnetic field activity. The magnetic activity of the host star can have strong implications for the habitability of a planet. Vidotto et al. (2013) , Vidotto et al. (2014) address planetary magnetoshpere size in relation to the stellar magnetic fields and show that for non-axisymmetric stellar magnetic field topologies, the size of the planetary magnetosphere can expand/shrink by up to 20% along its orbit. In addition the authors argue that planets in systems around host stars with such magnetic field topologies will be better shielded against galactic cosmic rays even in the absence of a thick planetary atmosphere or a large planetary magnetosphere.
SUMMARY
We compared ATLAS9, MARCS, Phoenix and Drift-Phoenix atmosphere models in the M-dwarf parameter range that includes young M-dwarfs and also brown dwarfs. Our study has been inspired by the first model atmosphere comparsion in Gustafsson et al. (2008) and in Plez (2011) which focused on T eff > 3500K, and by extensive studies for space missions as in Sarro et al. (2013) . Our comparison of (T gas , p gas ) structures for T eff < 3500K reveals difference in local temperatures between the MARCS, Phoenix, and Drift-Phoenix model atmosphere families of, on average, less than 300K. Such a variation becomes significant for low T eff models, where dust condensation plays a major role for the shape of the SED.
We compiled UKIDSS ZYJHK, 2MASS JHKs and Johnson UBVRI synthetic photometric data for the ATLAS, MARCS, Phoenix, and Drift-Phoenix model families. Colour indices differ between models by no more than 0.15 dex in the IR range. Both, atmospheric structure and synthetic photometry data, suggests that model atmospheres with higher surface gravity agree better between different models regardless of their T eff . Comparing to observational data, the difference in the models is smaller than the typical observational errors of 0.01 mag. However a spread in the data is present which is not account for by the models, which may suggest a mismatch between model and stellar metallicities.
The present paper demonstrated differences and similarities between various model atmosphere families which allows a better estimate of systematic uncertainty values that may result from our limitted capacity of modelling every aspect of atmosphere physics and chemistry in the best possible way, and from the tentativeness of the 'best possible way'. Optimally, more than one model family should be used when working with observational data. The need for model atmosphere diversity has been demonstrated, for example, with respect to disk detection (Sinclair et al. 2010 ) or determining .5 -4.5. Each panel contains sets of models for a particular value of log(g). The model T eff changes from 3000K for higher y-axis values to 4000K for lower y-axis values in each panel. Observed sample is adopted from the UBVRI, JHK photometry of Koen et al. (2010) . It contains stars with various temperatures, surface gravity and metalicity values. The entire sample is plotted in all three panels. Typical observational uncertainty for the sample is ∼0.01mag for both, optical and ifrared. The median of the observed colours is well reproduced by the log(g) = 4.5 atmosphere models. Scatter in the observations is larger than the differences in the models would suggest.
planetary parameter (Southworth 2012) . Such studies suggest that a similar multi-model approach could be beneficial for studies as for example performed in Sarro et al. (2013) who present a module that will be used to detect and characterise ultra-cool dwarfs in the Gaia database.
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APPENDIX A: PARAMETER VALUES OF MODELS USED
Tables A1 -A4 indicate availability of models of different families for various parameter value combinations.
The tables below describe the parameter values for all the models used in this work. Empty cells indicate that a given set of parameter values was not used as the corresponding model was missing in some model family. Table A3 . Common models between MARCS, Phoenix and Drift-Phoenix for [M/H] = 0.0 P P P P P P log(g) T eff 2500 2600 2700 2700 2800 2900 3000 Table A4 . Additional common models between MARCS, Phoenix for [M/H] = 0.0 P P P P P P log(g) T eff 3100 3200 3300 3400 3500 3600 3700 3800 3900 4000 Figure B1 presents a sample of plots illustrating the difference in temperature-pressure structures between ATLAS and MARCS models in the metallicity parameter space. Figure B2 gives synthetic flux ratios in the optical bands fro the ATLAS and MARCS models. Table C1 summarises the filter wavelength ranges where throughput values are above 1% for the systems used in this study. C2-C5 provide a complete set of synthetic fluxes for all models discussed in this work. Table C6 contains photometric data for the sample Mdwarfs used for the comparison with synthetic colours in Section 5.2. 
APPENDIX B: COMPLEMENTARY T-P STRUCTURE AND FLUX RATION PLOTS
